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Introduction
Objective

Our main objective, or goal, is to find a fair option price to match a buyer and a seller for a European call option.
Background Information

	Before we can begin our analysis of the stock option, we must first define some terms. A stock option is a contract between a buyer and a seller. This contract gives the buyer the right to either buy or sell shares of a particular stock at a fixed price - a.k.a. "strike price" - at a specific time. It is important to note that options are usually for 100 shares of the particular stock.  The seller of the option is obligated to either purchase 100 shares from or sell 100 shares to the buyer of the contract at the strike price should the buyer decide to exercise the option. A "call" is an option that gives the buyer the right to buy at the strike price, while a "put" is an option that gives the buyer the right to sell at the strike price. There is also a difference between options in Europe and the U.S. A European option can only be exercised on the expiration date of the contract, while an American option can be exercised at any time. As stated above, the purpose of this report is to find a fair price for a European call option. In order to do that, we must run simulations using random sampling to estimate a future value of our stock at the end of the option. From there, we can use compounding interest formulas to find a present value of our option.
Assumptions
	
In order to fulfill our goal of pricing an option that is fair to both the buyer and seller, we needed to make several simplifying assumptions.
Past history cannot be used to predict the future price of a stock. This is a pretty safe assumption to make considering that if future prices could be predicted from past behavior, all investors would invest their money into the stock that promised the highest rate of return, thus driving the price of the stock up. 
The past history of prices for a given stock can be used to predict the amount of future variation in the price of that stock. Again, this is a safe assumption because market history has consistently shown that stocks whose prices fluctuated wildly in the past will continue to do so in the future and vice versa. 
All investments, whose values can be predicted probabilistically, are assumed to give the same rate of return. If this were not the case, investors would switch their money over to the investment with the highest predicted rate of return. This practice, known as arbitrage, would raise the cost of the investment, changing its predicted rate of return.
We will assume that the common growth rate for all investments whose future values can be predicted is the rate of return on a United States Treasury Bill. We chose this growth rate because it is guaranteed by the federal government and can therefore be considered a risk-free rate. Our rate for this analysis is 1.65%.
All investments with the same expected rate of growth are considered to be of equal value to investors. All we are interested in is a fair price for our option. Therefore, we need only consider the rate of return on investment for our analysis and ignore any personal preferences that some investors may have. We call this our risk-neutral assumption.
Data & Calculations
Company and Stock Data
	
	Now that we've stated our objective, discussed the basics of stock options, and listed the assumptions needed in pricing our option, it's time to introduce the underlying asset of the option we are trying to price as well as some historical data that we need to get started. Our call option will be based on shares of Intel Corp. stock. We picked a strike price of $13.50 and a starting date of November 14, 2008. Our option will be for 24 weeks with a risk free rate of 1.65%. For our analysis, we pulled 8 years of historical data on Intel Corp. stock in order to get an idea of the volatility of our underlying asset. The information stated above is summarized in the following table.


	Intel Corp. is an American computer hardware company best known for their processors, motherboard chipsets, and graphic chips. Intel Corp dominated the computer technology market during the late 1980's through the early 1990's. Intel ran into some challenges during the 90's but quickly recovered thanks in large part to their Intel Inside advertising campaign. In fact, July 15 2008 Intel reported the highest earnings in the history of the company. 
	For our option, we needed to analyze the historical records of our underlying asset in order to estimate its volatility. The following is an excerpt of the 8 years of historical data for Intel Corp.

	

	When gathering our historical data, the primary number that we were concerned with was the adjusted closing price of the stock for each week. Adjusted Close provides the closing price for the week adjusted for all applicable splits and dividend distributions. Thus, it is a more accurate representation of the value of the stock at close. We calculated the ratio of closes to get a picture of the movement of the stock from week to week. A ratio of less than one means that the stock lost value during the week while a ratio of greater than one means that the stock actually increased in value during the week. To find the ratio of adjusted closes, we simply divided the adjusted closing price of the most recent week by the adjusted closing price of the week immediately prior. For example, the first ratio in the column above was found by.  The actual closing price on the start date, which we will use later in our simulations, is $13.32 on November 14, 2008.
Ratios and Graphs

	After we calculated the adjusted closing, we wanted to get a visual representation of what those ratios represented. In order to do that, we had to first calculate the minimum, maximum, and average of the ratios. These calculations were performed using Excel and are shown in the table below.


	The range (shown above) was needed to determine bin width for plotting a histogram. Range is found by Max-Min. And the bin width for our histogram was found by dividing the range by the number of bins we desired. The histogram for this set of data is shown below.



	The histogram function gave us the frequency of ratios that fell into the bin categories we assigned. Since we wanted our chart to be based on the percentage of times a ratio occurred in our data, we had to find the relative frequency. This was found by simply dividing the frequency by the number of observations. For example, there were 134 ratios between 0.94 and 0.99 and a total of 416 observations. Therefore, the calculation for relative frequency was found by . 
	With the relative frequencies, we were able to use Excel to make a chart of the adjusted closing ratios.


	The graph of the ratios shows us the volatility of our underlying asset. A lot of large changes in value would indicate a highly volatile stock while a small number of large changes would indicate a relatively stable stock. In our case, the graph demonstrates that Intel Corp is a relatively non-volatile stock.
	The ratios we've been dealing with so far are not very reliable in determine the volatility of our stock because they include information on the underlying growth rate of the stock. The next step in our calculations then was to "normalize" the ratios of adjusted closing prices. By normalizing the ratios, we removed their dependence on the unknowable growth rate of Intel Corp.'s stock. In normalizing, we adjusted the mean of R (ratio) to reflect the risk-free rate. This is in accordance with assumption 4, which states "we will assume that the common growth rate for all investments whose future values can be predicted is the rate of return on a United States Treasury Bill." 
	We need to define some variables before we discuss how we normalized the ratios:

 Let Rm = mean of R					= weekly risk-free rate 	
Rrf = risk-free weekly ratio				Rnorm =normalized ratios
An excerpt of the above values, as calculated with excel, are listed in the table below.


The box below is the first ten normalized ratios for our stock.


	The formula to normalize our ratios, which replaces the unknown growth Rm  with the fixed growth Rrf. , is as follows presented below on the left while an excerpt of the results of that calculation of represented below on the right.


	

In order to graph the normalized ratios, we took the same approach as with the adjusted closing ratio. This time, however, we wanted to find the adjusted relative frequency  which was found by dividing the relative frequency by the bin width. 




From the above histogram for normalized adjusted closing ratios, we get the following two charts.
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